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Abstract: Assessment of different sources of carbon and nitrogen in terms of dry weight biomass of four selected
aquatic hyphomycetes viz; Flagellospora penicilloides Ingold, Pestalotiopsis submersus Sati and Tiwari, Tetrachaetum
elegans Ingold and Tetracladium marchalianum De Wildeman was made for their nutritional requirements. Eight
carbon sources and ten nitrogen sources were singly added to the basal media in order to provide 4g of carbon and
1g of nitrogen per litre of distilled water. Among carbon compounds glucose and sucrose were found to be most
suitable sources of carbon for all the four fungal isolates, where as fructose proved good for T. marchalianum, P.
submersus and F.penicilloides fairly. Cellulose was found a poor source of carbon for the growth of all these
isolates. The inorganic sources of nitrogen were found as good nitrogen sources with preference for ammonium
ions. Suitability of amino acids was found variable from species to species for nitrogen. T.elegans and T.marchalianum
had their maximum growth in asparagines, whereas, P. submersus had their highest growth in proline. Cysteine
was observed as a good source of nitrogen for almost all the fungal isolates used. Anova calculated for these
observed data showed significant variations in the dry weight production of different fungal species grown in
different sources of carbon and nitrogen(P<0.01).
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INTRODUCTION
Aquatic hyphomycetes, a novel group of “Fungi
Imperfecti” which completes its life on submerged
decaying plant materials in well-aerated water, are
characterised by their peculiar tetraradiate, triradiate or
sigmoid conidia,  represents asexual stages of
Ascomycotina and Basidiomycotina. Ingold (1942, 1975)
for the first time recognized these fungi as aquatic
hyphomycetes, later these were also known as water
borne conidial fungi and Ingoldian fungi. The diversity
of aquatic hyphomycetes in the fresh water habitat has
a particular significance in the decomposition of
submerged plant materials, nutrient release and
productivity. These fungi play a key role in unlocking
and distribution of energy in any running fresh water
bodies.
Due to the immense importance of Aquatic
hyphomycetes in decomposition biology, some of the
fast decomposing species were developed as
biofertilizers and bioagents (Sati and Tiwari, 1997).
Endophytic study of Aquatic hyphomycetes reveals
that these fungi play key role in plant health and can be
used as plant growth promoters (Sridhar and Raviraza
1995). Some of these fungi are reported to have
antibacterial activity and can be used against bacterial
infection in plants (Gulis and stephanovich, 1999).
These fungi also play a key role as pollution indicator
due to their absence in polluted or stagnant water bodies
like ponds, pools, ditches and prevalence in any running
fresh water body (Manoharachary, 1986).
A great deal of studies on the occurrence and
distribution of these fungi has been made in various
parts of world (Webster and Descales, 1981, Sridhar et
al., 1992, Marvanova, 1997) including Kumaun
Himalaya, India (Sati et al., 2002, Sati and Joshi, 2011).
Some field studies on physiological factors effecting
the growth of aquatic hyphomycetes have been made
(Suberkropp 1984, Field, 1985 and Thompson and
Barlocher, 1989). Recenty comprehensive ecological
studies on diversity/ function relationships in
microcosms have been carried out (Barlocher and
Corkum, 2003, Dang et al., 2005).
These studies focused not only on the diversity of
aquatic fungi, but also on their function as decomposer
organisms. But there is still no information available on
physico-chemical requirements of aquatic
hyphomycetes accepts Ranzoni (1951) and Thornton
(1963, 1965). Thus, an investigation on the nutritional
requirements of some commonly occurring aquatic
hyphomycetes, isolated from the streams of the
temperate zone in Kumaun Himalaya, was carried out to
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MATERIALS AND METHODS
Four fungal isolates of aquatic hypomycetes (F.
penicillioides, P. submersus, T. elegans and T.
marchalianum) were selected for the present
investigation. Monohyphal cultures of these fungi were
obtained by single spore isolation. These cultures were
maintained at 15 ±2oC on 2% Malt Extract Agar slants
with initial pH 6.5 and in petri dishes containing malt
extract agar (Sati et al., 2002). These strains were
previously deposited in the culture collection of the
Kumaun University Mycological Specimens (KUMS),
Nainital, India.
The basal medium consisted of 4.0 g glucose, 1.0 g
KH2PO4, 0.2 g MgSO4.7 H2O, 0.02 g FeCl3.6H2O, 1.0g Difco
yeast extract and 1 litre of distilled water (Ranzoni, 1951).
To find out the carbon requirement the basal medium
was prepared without glucose and then eight carbon
containing compounds (glucose, fructose, sucrose,
xylose, starch, cellulose, dextrin and lactose) were added
separately to the basal media in sufficient quantities to
create a concentration equivalent to 4.0 g of carbon /L of
medium (Thornton,1963). Three replicates were used in
each experiment for each fungal isolate. Uniform circular
agar blocks (5 m.m. diameter) containing mycelial mat
were cut from a 15 days old culture plate and transferred
into sterilized conical flasks (100 ml. cap.) containing 25
ml of basal medium (Sati et al., 2002).
For nitrogen nutrition, the yeast extract was replaced by
different nitrogen containing compounds (Inorganic-
ammonium sulphate and potassium nitrate and organic
amino acids-alanine, arginine, asparagine, cysteine,
proline, phenylalanine, isoleucine and methionine) and
Biotin and Pentothenic acids (each 5µg/L) were added
as growth stimulators. All the nitrogen sources were taken
separately in such a quantity that the final concentration
of nitrogen was 1.0 g/L of medium (Thornton, 1965).
The inoculated flasks were incubated at 20 ±2oC in the
dark and casually shaken for aeration. After 15 days of
incubation, the net hyphal growth of the fungus was
determined in terms of mycelial dry weight. Adhered agar
medium from the mycelial mat was removed  by staining
through a filter paper (Whatman No.1) then mycelial mat
was rinsed with distilled water 3-4 times to remove traces
of basal medium and it was placed in a drying oven at
800C for 4 hrs., then fungal biomass was weighed with a
digital electronic microbalance (Thornton, 1965).
RESULTS
The growth results of these fungal isolates are given in
Table 1, and Figures 1and 2.
The glucose and sucrose were found to be the most
suitable carbon sources for all these fungal isolates,
whereas fructose was found to be equally good for T.
marchalianum and P. submersus. Xylose also supported
good growth of three of the fungal isolates but poor
growth of T. elegans. Starch was found to be a good
source of carbon for T. elegans and P. submersus in
comparison with T. marchalianum and F. penicillioides.
Cellulose was observed to be a poor source of carbon
for all the studied fungi. Dextrin was also found to be a
good carbon source for the growth of these fungi. Lactose
supported moderate growth of P. submersus and F.
penicillioides but was a poor carbon source to T.
marchalianum and T.elegans (Fig. 1). It is evident from
the Table 1 that all the test strains assimilated both nitrate
and ammonium ions but to a varying extent. Biomass
data indicates higher preference for ammonium ions.
Similarly, all the test strains utilized all the provided amino
acids.
Fig. 2 shows the extent to which the different amino acids
supported the growth of the four test strains. Relative
growth rate (66 mg) of T. elegans was generally observed
when the medium was supplemented with the sulphuric
amino acids cysteine or methionine. Proline followed by
isoleucine and phenylalaine was found to support
maximum growth of P.submersus and F. penicillioides
(dry weight biomass between 250 mg and 341 mg), both
with an identical preference pattern. But the same three
amino acids represented a poor nitrogen source for
T.elegans and T. marchalianum. For the latter species
best mycelia growth (dry weight biomass between 245
mg and 316 mg) was observed with alanine, asparagine
and arginine.
DISCUSSION
Aquatic hyphomycetes occur abundantly on abscised,
mature and submerged leaf litter in running fresh water
(Sati and Tiwari 1997, Sati et al., 2002, Sati and Joshi,
2011). These fungi have nutritional advantages over
some of their close competitors (viz. the Zoosporic fungi,
bacteria and zoo planktons) because decaying leaves
Inorganic nitrogen 
sources 
                               Average dry weight yield (mg±SE) 
T. elegans T. marchalianum P. submersus F. penicillioides 
Ammonium sulphate 27.0± 0.4 88.3± 0.2 254.3± 0.5 216.3 ±0.6 
Potassium nitrate 18.7± 0.2 75.0± 0.4 205.5± 0.7 203.0 ±0.3 
Table 1. Average dry weight (mg ±SE) yields of four fungal isolates in nitrate and ammonium ions as nitrogen sources.
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Fig 1. Average dry weight (in mg) yields of four fungal isolates using different carbon sources after 15 days of incubation at 200C.
and litters contain specific nutrition required by the
conidial fungi (Thornton, 1963, Garnett et al., 2000).
In the present study, out of eight carbon sources glucose
supported maximum growth of P. submersus and F.
penicillioides. The remaining fungal isolates also showed
comparatively higher growth. These observations
confirm the study of Ranzoni (1951) on glucose as a good
source of carbon for the growth of Anguillosora
longissima and A. gigantean. Thornton (1963) similarly
found glucose as a good source of carbon for the growth
of Articulospora tetracladia, F. penicillioides,
Tricladicum angulatum and T. splendens etc.
Starch, fructose and dextrin are good source of carbon
for the growth of P. submersus and T. marchalianum (Fig.
1). Sucrose supports maximum growth of T. elegans as
well as of T. marchalianum and moderate growth of P.
submersus and F. penicillioides. These results support
the findings of Ranzoni (1951). Thornton (1963) also
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Fig 2. Average dry weight (in mg) yields of four fungal isolates using different amino acids after 15 days of incubation at 200 C.
reported that fructose, xylose and starch are good sources
of carbon for some species of aquatic hyphomycetes. He
concluded that starch can be an alternative source of
carbon for these fungi.
It is interesting to note that cellulose is a poor source of
carbon for the growth of these fungi (Fig. 1). This supports
Ranzoni (1951), who also recorded the absence of growth
of A. gigantean and A. longissima in cellulose as a source
of carbon in medium. These fungi probably lack enzyme
necessary to degrade cellulose. The fast colonization of
these fungi on leaf litter might be explained on the basis
of the availability of nutrients and polysaccharides
preferred by them (Gulis and Subercropp, 2004).
ANOVA calculated for the observed data showed
significant variations in the dry weight production of
different fungal species grown with different carbon
sources (p<0.01), indicating that different fungal species
have different priorities for their carbon sources.
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Aquatic hyphomycetes utilize inorganic nitrogen leached
from the soil into streams more aptly than water moulds
(eg. Oomycetes) (Thornton 1963, Mer, 1982). In the
present study, all tested fungi could assimilate ammonium
ions and nitrate ions as a source of nitrogen with a higher
preference for ammonium ions. This has also been
supported by Thornton (1963, 1965).
In the present study the growth responses of P.
submersus, T. elegans and T. marchalianum to two
inorganic and eight organic nitrogen sources were tested
for the first time. Similar studies were made by Thornton
(1965) who observed a maximum biomass yield of A.
tetracladia and F. penicilliodes with aspartic acid and
tyrosine, respectivety. All hyphomycetes examined by
him were found capable of utilizing arginine, asparagines
and other amino acids. Thus the results of the present
study support maximum growth of water moulds (Mer,
1982). Proline, phenylalanine, methionine, isoleucine and
cysteine were used here for the first time to test the
nitrogen nutrition of aquatic hyphomycetes.
Summarising the results it was concluded that nitrogen
utilisation of aquatic hyphomycetes distinctly varies from
species to species. In contrast to the fungus like water
moulds, aquatic hyphomycetes are capable of utilising a
wide range of inorganic and organic nitrogen sources,
which are leached from leaf litter or soil into streams
(Garnet et al., 2000). Old leaf litter and green leaves serve
as source for both carbon and nitrogen in the form of
amino acids. The preferential utilization of amino acids
by aquatic hyphomycetes (Thornton 1965) may explain
their frequent prevalence on decomposing leaf litter.
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